1. Introduction {#s0005}
===============

Nanotechnology is a promising arena dealing with the design, manipulation and application of nanoparticles (NP) in generating new applications ([@b0025]). The unique property of NP includes its extreme microscopic size, high surface to volume ratio, an optical, thermal and catalytic property that promotes interactions between microbes and biological agents ([@b0005], [@b0155]). Since 2015, nano-medicine involving gold and silver NP has become a new sensation for researchers in developing alternative solutions for biological applications ([@b0175]). Gold nanoparticle (AuNPs) in particular has been used extensively in biomedical and imaging procedures ([@b0070]). The biggest choice of using AuNP for biological application is that it can be synthesized easily and have less toxicity ([@b0145]). Among the several methods available for the synthesis of AuNPs, the procedures using naturally occurring plant extracts are consider to be bio compatible, cost effective and requires less labor ([@b0140], [@b0085], [@b0095]). Green synthesis involves the presence of flavonoids and polyphenols which act as reducing agents and stabilizing and capping agents ([@b0075]).

In the current study, we have selected *Anacardium occidentale* (leaves), a tropical evergreen tree that produces cashew seeds and cashew apple. Earlier phytochemical investigation of *A. occidentale* extracts revealed the presence of flavonoids, tannins, alkaloids and sugars. Cashew nut oil prepared from the seeds of *A. occidentale* have applied in different disease such as cancer, diabetic, arthritis, vascular diseases and liver inflammation associated illness ([@b0115]) and it contains the phytochemical components such as cardol and anacardic acid reported to possesses medical importance ([@b0110], [@b0055]). In a previous study, photosynthesis of AuNPs using leaves of *A. occidentale* was reported ([@b0165]). Many reports claimed that the NP synthesized using green approaches have many advantages over the chemical method of synthesizing the NP. The conversion of NP was environmental friendly and has fewer side effects to the human. Alternatively the green synthesized NP mode of action was highly active. However, there has been no previous report on antibacterial activity against *Escherichia coli* and *Bacillus subtilis* and cytotoxic effect against PBMC and MCF-7 cells. Therefore, in the current study, we have synthesized and characterized the AuNP applying *A. occidentale* leaves extract and assessed their antibacterial and cytotoxicity.

2. Experimental {#s0010}
===============

2.1. Chemicals and reagents {#s0015}
---------------------------

Chemicals of analytical grade were procured from Sigma Aldrich USA, laboratories. *A. occidentale* leaves were collected from the National Institute of Traditional Medicine (NITM), Karnataka, India. The microbial strains *Bacillus subtilis* and *Escherichia coli* were revived from glycerol stocks available at Anna University (CBT), Chennai, India.

2.2. Preparation of dried biomass {#s0020}
---------------------------------

Freshly collected leaves of *A. occidentale* were thoroughly washed with distilled water, shade dried (5 days), pulverized using ball mill and the dried biomass was stored at 40 °C.

2.3. Synthesis of gold nanoparticles {#s0025}
------------------------------------

Dried biomass (10 g) of *A. occidentale* and 50 ml of double distilled water was blended in a beaker, stirred on a magnetic stirrer (500 rpm) overnight (RT). After incubation, the extract was filtered through a muslin cloth and lyophilized to obtain moisture free powders. The lyophilized extract powder (0.5 g) was reconstituted in double distilled water. To the 1 ml of *A. occidentale* extract, 20 ml of chloroauric acid (0.01 M) was added drop wise under continuous stirring (500 rpm) on a magnetic stirrer and the whole mixture was incubated overnight ([@b0170]). The color change (yellow to ruby red) visible after the incubation period and was subjected for spectroscopic and bioactivity study.

2.4. Characterization of green synthesized AuNPs {#s0030}
------------------------------------------------

UV--Visible spectroscopy (T90+ UV/VIS spectrophotometer), particle size analyzer (PSA) (Malvern Instruments zeta sizer), Transmission Electron microscope TECHNAI (FEI Company, Eindhoven, Netherlands), X-ray diffraction analysis using XRD-6000 (Shimadzu, Kyoto, Japan) were used for characterization of the green synthesized AuNPs. Further, functional groups present in the AuNPs were identified using FTIR (JASCO FT/IR-6600 machine) analysis.

2.5. Study of antibacterial activity of AuNPs {#s0035}
---------------------------------------------

This study was performed by following ([@b0085]). The bacterial cultures were grown on nutrient agar broth and were swabbed on petri plates containing sterile nutrient agar medium. Three wells were bored on the agar surface using a sterile well cutter (6.0 mm diameter) on each agar plate. Thereafter, the AuNPs suspension (20 µl; 20 µg/ml and 40 µl; 40 µg/ml) was poured into two wells of the agar plates and 5 µl (20 µg/ml) of tetracycline standard was added. The plates were incubated at 37 °C and the zone of inhibition (in mm) was evaluated after incubation.

2.6. *In-vitro* cyto-toxicity assays of the AuNPs on MCF 7 and PBMC cells {#s0040}
-------------------------------------------------------------------------

Cell line and Peripheral Blood Mononuclear Cells (PBMC) were procured from NCCS, India. The culturing was done in Amphotericin B (1 mg/mL), Gentamycin (100 µg/ml), Penicillin/Streptomycin (250 µg/ml) and 10% FBS. Next, cells (1 × 10^5^/well) were plated in 24-well plates and incubated to reach confluence. Further, cell control (Con), vehicle control (VC- distilled water), and different concentrations (10 ng, 100 ng, 1 µg, 10 µg, 100 µg/ml) of green synthesized AuNPs were loaded and incubated for 24 h. After incubation, the samples were removed and rinsed with PBS buffer. The cells were incubated for a period of 4 h. The absorbance (570 nm) were measured and the cell viability was calculated in percentage:$$\%\mspace{720mu}{\text{Cell\ Viability\ =}\mspace{6mu}}\frac{\text{A}_{570}\mspace{720mu}\text{of\ sample\ cells}}{\text{A}_{570}\mspace{720mu}\text{of\ control\ cells}}$$

Graphs concentration Vs cell viability was plotted on the X and Y-axis respectively. To compare the assessments the control and vehicle control samples are included in the assay ([@b0100], [@b0030]).

2.7. Statistics {#s0045}
---------------

Data represents mean ± SD of three independent experiments performed in triplicates. Statistical analysis for the experiments were conducted by GraphPad Prism software version 7.04. Comparison of the means with control was done using the Dunnett's and Tukey test.

3. Results and discussion {#s0050}
=========================

3.1. *Green synthesis of* AuNP *and characterization* {#s0055}
-----------------------------------------------------

The color conversion from yellow to ruby red ([Fig. 1](#f0005){ref-type="fig"}) indicates the development of AuNPs. This reaction may be due to surface Plasmon resonance (SPR) displayed by the green synthesized particles ([@b0070], [@b0095]). The change of gold chloride and the change in color is due to the existence of chemical constituents in *A. occidentale* leaves extract ([@b0060]).Fig. 1Green synthesis of gold nanoparticles from *Anacardium occidental* leaves extract. The colour change from gold to ruby red indicates the formation of gold nanoparticles.

3.2. Characterization of AuNPs {#s0060}
------------------------------

[Fig. 2](#f0010){ref-type="fig"}(a) shows the maximum peak corresponding to the SPR at 540 nm. The result confirms the formation of AuNPs, since the peak at 540 nm is specific to AuNPs ([@b0045]). The UV analysis was repeated after 60 days to analyze the stability of the AuNPs and the biosynthesized NP were stable after 60 days. [Fig. 2](#f0010){ref-type="fig"}(e) shows the particle size analysis (PSA) of the green synthesized AuNPs. The average sizes of the NPs were 40 nm and poly dispersity index (PDI) was found to be 0.442. A PDI below 0.7 indicate that the width of the molecular weight distributions is narrow and high number of NP was \<100 nm. The particle density and the bioavailability of NP will be higher at this range and this will significantly increase the activity of NP ([@b0150], [@b9000]). Next, TEM analysis, the size are in between 10 and 30 nm and spherical in shapes ([Fig. 2](#f0010){ref-type="fig"}b). There are several reports mentioning spherical NP have increased antibacterial and cytotoxic effect ([@b0150], [@b0105]). Additionally, our TEM results are in agreement with PSA result with NP size.Fig. 2(a) Ultraviolet--visible spectroscopy analysis of synthesized gold nanoparticles taken at two different time (75 min and at 60 day). The maximum peak was noted at 540 nm. (b) Transmission electron microscope image of AuNPs synthesised by *Anacardium occidentale l*eaves extract. (c) X-ray diffraction patterns of green synthesised AuNPs. (d) EDX Spectrum of AuNPs synthesized from *Anacardium occidentale*. (e) Particle diameter distribution measured through a particle size analyser. The average size of nanoparticles was found to be 40 nm (n = 3).

The XRD pattern of the green synthesized AuNPs showed 5 major peaks at 38.4°, 44.6°, 64.7°, 77.7°, and 81.5°, which are assigned to (1 1 1), (2 0 0), (2 2 0), (3 1 1) and (2 2 2) indicating structure ([Fig. 2](#f0010){ref-type="fig"}c). Moreover, the results from EDX analysis ([Fig. 2](#f0010){ref-type="fig"}d) display powerful gold signals (98.95%) and other impurities are noted to be phytochemicals present in the plant extracts ([@b0060], [@b0135]).

The FT-IR spectra for the green synthesized AuNPs were recorded from 1000 cm^−1^ to 4000 cm^−1^ ([Fig. 3](#f0015){ref-type="fig"}a and b). The observed strong peaks corresponding to O---H group in the spectra indicates that there may be phenolic groups present in the NP ([Fig. 3](#f0015){ref-type="fig"}b). We also observed peaks for C000000000000 000000000000 000000000000 111111111111 000000000000 111111111111 000000000000 000000000000 000000000000C in the spectra which may be due to the presence of flavonoids in the plant ([@b0125]). Phenolic compounds possess antioxidant activity, act as protective agents against cancer and heart diseases, also neutralize the free radicals, and prevent them from causing cellular damage ([@b0125]). In addition, the broad peak at 3250 cm^−1^--3500 cm^−1^ in the plant ([Fig. 3](#f0015){ref-type="fig"}a). The sharp peak at 1660 cm^−1^ indicates the fingerprint region of CC. Compared to the leaf extract, spectra of NP contains a reduced peak at 1300 cm^−1^, which represents C---O group. Thus, the C---O group in the plant leaves extract of *A. occidentale* has contributed to the formation of AuNPs and indicate the presence and binding of phenolic groups to the synthesized NP ([@b0170], [@b0130]). Therefore, the investigation advice that phytochemical compounds (phenols, flavonoids) present in *A. occidentale* extract promotes the generation of AuNPs ([@b0075], [@b0060]).Fig. 3(a) FT-IR spectra of *Anacardium occidentale*, (b) FT-IR spectra of P-AuNPs. Antibacterial assay by well diffusion method *Escherichia coli* (c), *Bacillus subtilis* (d). S- Standard. Arrows indicate the zones of inhibition of P-AuNPs and standard.

3.3. Antibacterial analysis {#s0065}
---------------------------

[Table 1](#t0005){ref-type="table"} displays the zone of inhibition (mm) and NP show inhibitory effect at all concentrations ([Fig. 3](#f0015){ref-type="fig"}c, d). The reason for choosing these two strains have been previously associated with food borne diseases, urinary tract infections and other wide range of ailments ([@b0065]). Various antibacterial agents against them have been extensively studied; however, they exist in places where bacterial mutations are possible ([@b0020]). In our study, the green synthesized AuNPs inhibited the bacterial growth and the proposed antimicrobial mechanism may be due to cell wall and membrane damage ([@b0015]), damage in ribosomes and mitochondria (Pal et al., 2007), inhibition of thiol group in bacterial cells and cause cell decease ([@b0120]). The increased activity of AuNPs could be due to the capping of the NP that have been confirmed by FTIR analysis. In addition, the antibacterial activities of the AuNPs were higher in Gram-negative bacteria. This could be Gram-negative bacteria have a thinner cell wall in comparison with Gram-positive bacteria and AuNPs have a durable electrostatic attractiveness to the negatively charged bi-layer, thereby facilitating the diffusion of P-AuNPs and cell lysis ([@b0180], [@b0050]).Table 1Zone of inhibition of green synthesized AuNPs against *Escherichia coli* and *Bacillus subtilis.*BacteriaZone of inhibition (mm)AuNPsTetracycline20 µl40 µl5 µl*Escherichia coli*18 ± 1.324 ± 2.118 ± 1.2*Bacillus subtilis*8 ± 0.510 ± 0.820 ± 1.8[^1]

3.4. Cytotoxicity analysis of the AuNPs {#s0070}
---------------------------------------

To determinate cytotoxicity of the AuNPs, MTT assays were carried out. We observed cell viability of 80.3% at a concentration of 100 ng on PBMC cells and 71.5% on MCF-7 cells. Further, at maximum concentration (100 µg/ml), the cell viability of normal cells was at 74.4% and 23.5% in cancer cell lines ([Fig. 4](#f0020){ref-type="fig"}). The IC~50~ values were calculated and were found to be 600 µg/ml for PBMC cells and 6 µg/ml for MCF-7 cells. The most important factor for developing an anticancer drug is its selective toxicity on cancer cells. Therefore, our results indicate that green synthesized AuNPs treatment have shown selective cytotoxicity towards cancer cells than normal cells. Here in, we used MCF-7 cell line for cancer cell line for the studies on breast cancer for decades. Since, they maintain a strong similarity to the mammalian epithelium ([@b0090]). The cytotoxic mechanism can be due to the generation of free radicals (ROS) by the green synthesized AuNPs ([@b0080], [@b0035]). Earlier reports of green synthesis of AuNPs from *Sasa borealis* ([@b0125]), *Rhuschinensis* ([@b0130]), *Illicum versus* ([@b0160]) etc. providing evidence on cytotoxic effects on liver, gastric, cervical and bone cancer cells ([@b0010]). However, this study has certain limitations: such as cytotoxic mechanism (apoptosis study) of action by green synthesized AuNPs is lacking. To overcome this issue, further experiments will be conducted to evaluate their mode of action.Fig. 4Cytotoxicity analysis of *Anacardium occidentale* AuNPs on PBMC and MCF-7 Cells. The results indicate the selective cytotoxicity of AuNPs against MCF-7 CELLS. The normal PBMC were not affected drastically even at a high concentration of 100 µg/ml. The results were statistically significant with the untreated cells with a p \< 0.0001.

4. Conclusion {#s0075}
=============

This study reported synthesis of AuNPs by applying the leaf extracts of *A. occidentale*. The synthesized AuNPs were of 10--60 nm and spherical in shape. The green AuNPs elicited an increased activity against the pathogens, provided permissible levels of cytotoxicity towards normal cells and demonstrated high cytotoxicity towards MCF-7 cancer cells. The results indicate that the AuNPs synthesized by *A. occidentale* (Leaves) can be safely applied for antibacterial applications.
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[^1]: The values represented in the table are average of results of three independent experiments.
